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Study on the Characteristics of Antiwashout Underwater Concrete

with variation of Blend Ratio of Sea Sand and Crushed Sand

Se-in, Park

Department of Civil Engineering
Graduate School Pukyong National University

Abstract

Recently as the development of a large-scale ocean structure or ocean is in
progress, the importance of underwater concrete cons;cruction came to the fore.

When concrete is placed underwater, it is diluted with separating cementitious
material and as a result the quality of concrete becomes poor. For solve the
problem, antiwashout underwater concrete is increasingly used for the
construction and repair of the concrete

In this study, sea sand is blended with river sand and crushed sand is blended
with river sand and sea sand, to investigate the gquality change and
characteristics of antiwashout underwater concrete with variation of blend ratio
of sea sand and crushed sand(0x, 20%, 40%, 60%, 80%, 100x).

To see experiment conclusion of fresh concrete, material segregation
resistance(pH, suspention) and flowability and air contents is all satisfied
with mix design standard value and KSCE(Korea Society of Civil Engineering)
standard value,

To see experiment conclusion of fresh concrete, the more blend ratio of
crushed sand increases, the more unit weight increases. Because the for that

specific gravity of crushed sand is higher comparatively than that of river sand



and sea sand. Higher compressi&e strength is measured following the order of
river sand, crushed sand, sea sand regardless of age and casting-curing
condition. Except for case of using river sand, blend ratio of 40x is appeared
on most compressive strength . To follow, the optimum blend ratio of sea sand
and crushed sand is 40% from the view point of compressive strength.

The incremental modulus at mix proportion design and unit weight of
antiwashout underwater agent were increased more than fresh water, when the

antiwashout underwater concrete is made use of underwater work from ocean

Key words : antiwashout underwater concrete, River sand, Sea sand,
Crushed sand, blend ratio, material segregation resitance,
flowability, KSCE, casting and curing condition,

incremental modulus
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Table 2.1 Main ingredient of antiwashout underwater agent

Type ' Chemical sign

Methyl Cellulose(MC)
Hydroxy Ethyl Cellulose(HEC)
Hydroxy Prophyl Cellulose(HPC)

Cellulose
Hydroxy Ethyl Methyl Cellulose(HEMC)
Hydroxy Prophyl Methyl Cellulose(HPMC)
Hydro Ether Ethyl Cellulose(HEEC)
Polyacrylamide
Acryl Polyacrylamide and acrylicacidsoda of Copolymer

Polyacrylamide part hydrolysis

Table 2.2 Quality standard of the antiwashout underwater agent

Item Standard
Bleeding ratio (%) Below 0.1
. . Initial Over 5
Setting time (hour) Final Below 30
Compressive strength of molded Tdays Over 130
Compressive | underwater {(kgf/cr) 28days Over 230
strength Compressive strength ratio molded 7days Over 60
underwater/air (%) 28days Over 70
Flexural Flexural strength ratio molded 7days Over 50
strength underwater/air (%) 28days Over 60
Underwater Suspended solids (mg/ ) Below 150
dropping test pH Below 12
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Table 2.3 Quality standard of superplasticizer
Type Standard Retard
Item
Base concrete 8x1
Slump
(cm) Superplasticized 18+1
Experiment concrete B
item Base concrete 4.5%0.5
Air value
(%) Superplasticized 45+05
concrete T
Difference of bleeding (cr/cr) Below 0.1 Below 0.2
Difference Initial -30~+90 -60~+210
setting time
(min) Final -30~+90 Below +210
Decrease in slump as to time (15min) Below 4.0 Below 4.0
Decrease in air vz.alue as to time Below 1.0 Below 1.0
(15min)
. 3 days Over 90 Over 90
Compressive
strength ratio 7 days Over 90 Over 90
0,
(%) 28 days Over 90 Over 90
Length transformation ratio (%) Below 120 Below 120
Relative dynamic modulus
0 90 O 90
ratio of elasticity (%) ver ver
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Table 2.4 Physical & chemical properties
D(T};],;y pH Salt content (%)
NaCl 75~80
1.024 75 58 MgCl2 10~11
s - - Chemical compound of Little
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Ca(OH), +MgS0,+2H,0 — Mg(0OH),+ CaS0, - 2H,0
CaO - Al;,03 - 6H,0 + 3(CaSOy - 2H,0) + 19~20H ;0 (2.1

— 3Ca0 - Aly, - 3CaSO, - 31~32H,0

A% 92 oF 90%E AT Uk FHEL 4 (2.2)9% To] S5
ZE B stel Aol dl 44 FHVHE Y4 2AYEE G
AskebA, dwdozs 1 wge guksid,

Ca(OH)2+MgC12 - Mg(OH)2+CaC12 (2.2)
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Table 2.5 Coefficient of linear expansion as to kinds of rock (X 107%C)

Temperature
() 300 500 600 750 900 1060
Kinds

Granite 0.10110.0630.137|0.3390.337 | 0.264
Andesite 0.02310.051{0.124 | 0.105} 0.086 | 0.093
Tuff 0.027 - 0.035]0.070 | 0.094 | 0.021

Lime ston 0.0900.170 | 0.220 - - -

® 938 54

dxtzleoz  EEAd AHAEE ¥ F(Specific gravity), JITFE
(Porosity),  #%+&(Water content), Z%=(Hardness), %%
(Strength) & & & Ut <& 248 42 & 53 £ HA8]
Asted vlF, FTe, vt ZF, Y AIEES Poiv, dod M 2
E, A== FYste 497 Ao

aH e TAHEMY 4AS Hwst™ Table 2.6 20
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Table 2.6 Physical of properties

. Abrasion Compressive
Division |[Classification Specx.ﬁc AES' loss Core strength
gravity (%) (%) hardness (kgf/cr)
Granite 2.5~2.8(0.2~2.8] 5~70 38~95 | 800~3.050
Diorite 2.7~3.0(0.3~0.9{ 5~30 80 800~3,100
Igneous rock Liparite 2.5~2.8|0.3~0.9] 6~19 | 42~108 | 700~3.000
Propylite [2.6~3.0{0.3~1.5 8~21 52~92 | 800~2,800
Basalt 2.7~3.2{0.5~1.3| 8~27 72~89 |1.400~3.600
Conglomerate|2.6~2.7|0.2~1.2 6~14 | 40~108 |1,100~3,800
Sedimentary [ Sandstone [2.2~2.7{0.2~2.5| 10~41 - 900~2,200
rock Tuff 1.8~2.6[0.7~5.5| 9~45 | 65~102 |1,100~4,300
Lime stone [2.56~2.7[/0.3~1.1| 15~32 | 40~58 | 500~1,200
Metamorphic Vasion 2.5~2.9/0.3~2.6| 7T~14 - 800~3,000
rock Schist 2.6~3.0{0.2~1.8] 7~15 23 800~3.500
FHe U4F eEAAE WA 9 WAE 23etAl HY FA9

FA9E 44¢ D Uk ol ¥4 F el et T2 rEL A

I P BALL 400CANE FEPETL w22 BAULE Yy
Mo, 500~600CT AleldliE ZEe FAY AaANS dshiz,
800C ol 4ot ¢EA= Ao BAHA gk AL T 4 A, ok
97 2ol 5 A wel A WPol Joj} 1 AR W} B
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@ 354 54
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ANFIBZ old] tg AW dEs aFd
EA 2B Wge AWE 3o DB F(Nax0+0.685K20)3 ws
4 Azt wgel o FHLH P& HOZ Si0+2NaOH +H:0
~ Na:HzSi0s - 8H:02 EA €T AME F9 BB H: 0.6%.
AU 1.05% a3 BE 0.73% A=, FA Fol 24 Aeizhaol
Fhol AE Ale Adge ANEY TS B 5T Fohso] 4}
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T, F20l 80% d&dEe Aoz dEKT
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=
of FF=d HAE FFL vEEol 7%Y W A= T X
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< AGA Bl AwrHoz Fgtou, d¥o] 55%01dez AMFn
EEL 4%°132 BT A AxFEE U4E 5 L Aoz wud
ColEE 434 A 8EATHE EUE dANA A FerYg 10049
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g3l 2 FAAE BT GE5A= AdAgd A gAlol w3
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o

E d7dMe HAVIEREE 240kef/ci. W/CE 50%, ZZAE
40%. €dZE2F 50E5em, F71% 4%°l3, G- FE 220kg/mE 13
A71a, ZFEAe F/HE ZEA(R), ¥R (S), #EEH(C) 3FFE Al
S35t Zxyo] uidRHE, ZRHS udrdgd G RerdgE 0%,
20%. 40%, 60%. 80%. 100% =2 EJ &S WA FFEEYUY 3
E9 A@setvlEE Table 3.191 Yehich.

Table 3.1 Experimental parameter

Variation of Blend Variation of Blend
Kinds of fine aggreate | Ratio of Sea Sand | Ratio of Crushed Sand
(%) (%)
0% 0%
20% 20%
40% 40%
River sand (R)
60% 60%
80% 80%
100% 100%
- 0%
- 20%
- 40%
Sea sand (S)
- 60%
- 80%
- 100%
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3.2 Ay

3.2.1 FEZM Z32|E9 M

Fig. 3.1% Zo] 38 E9 A2} &L (Mixing capacity) 60£<1
ZA A 2ME PSR DI, FLEA, ANE, FFEEIY 34 &
o2 YA Fdste] Hudlg AN} F wiFFd fEIFAE Bsiod £
B4 2IYEE AR,

°{N

W +SP
(
Cement |
+ Ory Y Antiwashout
Aggregate | —— > mixing ———*™ | Mixing | - underwater
+ concrete
AWA

Fig. 3.1 Production flow of antiwashout underwater concrete

3.2.2 AFLUEEHE SAAAE U AM

UYEZEZH L FAAY AFole TFE=(F10X20)E 21831, FFE
A ESI &l wet Fig. 3.29 2ol 240 EEF AR slo] Bx9 A
dAlA 10ecmA7A €5 A+1, HHR AR EE d=2FE (Hand scoup)

o

g olgsto] 105¥% o4 $UY FVF, $HA 283 £3aANA 2
o Bl JE2 & 0 BSE 204 Ao} 5~10% AT FAAAG,
gEdYe 2 YATD shie Be, W8T 9YY s
o2y U gFste 20+3Te G4 AflH FAIY.
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Fig. 3.2 Schematic of cast in underwater specimen for test of compressive strength

3.2.3 ZX|g2 232 EAE
(1) M22NqSHAH

HERZAAFENG L FFSAYEFSI A 7T 'ZIHER FFEE
2l E3Al FATE, o "FEISAIE B, o E3 AAlstn, Algd
€ 1000ccH] o] A (&2 110mm, %¥°] 150mm)el 800cc® FHFTE =
500g9] FAHEE 105E o1 HA FHAM 522 =83 £8
U=, HlojAd 600ccd HEHLHEL AHsIH 4 E3ArY HIHE
TEETEAL TAYES] dHYe pHS AHEAZFE FH IO

¢

2
£ 2 J
% o

K

A

ol

il

4
o

84S FAstr] HalM FFEAYEFI A AN TZ3HE
2 B34 FAGE, o "FEEYUA FAEY SHEE
WY, ol Eatd AAlsta, TKS F 2402 ZIAYUE £HIAE, o &3}
HZEd4 8-S Agstd &8 ook, £HZEZS 3
St FRARFAZL 5E A F ZAYEZ HA HA
0.5em7bA] S8t O HEUE UL

=2

ol
fr

I3

e

f

o o o °k°

) >
ot

o =2
EEFE

o

(3) 37I23AMd™
ZAE A F71FS Z=A e A dFS w2, 2AGLS
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ZAYHEY F/FFFE "KS F 2421 ZAF LS g E9 gyd 9 =
717%F A (71448 8), o £t 94" dojulE & Al g3l 23
Llg=

3.2.4 Ed31dH Z232|ENE

(1) dAS2AE

AT FANEL vt e Feryg EQUE WU g g9 sFolA 7
2 A - FAE FFELYY SIHEY ASAEEHE FAAY FEL A
B 7Y, 280l FH st dAFFo R FAEAG

(2) =B AE

UHTE=AEYE L "KS F 2405 22 ES] &%= Al @uhy o F38d
AAste, FSFEAE L g5 HFolM 24 A2 - Y FAAME AY
7. 28U FH ).

3.3 AN =

3.3.1 ANHIE
g d7odME S SAHe] 15 EEXEUCSADES A gstgdon 2o -
3512 52 Table 3.29% 2t}

Table 3.2 Physical & Chemical properties of ordinary portland cement

Physical property Chemical composition (%)
Specific Ignition | Insoluble
. loss residue Si0: ALO3 Fe:O3 Ca0 MgO SOz
gravity | (%) (%)

314 05~13 | 02~09 [21.0~225| 45~60 | 25~35 |63.0~660| 09~33 | 1.0~2.0
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3.3.2 =X

2 d70A AHER F2EAE Ad 89 AdelA Qg FL2A Ao
g7k 25me] FeAEE AHEEa, AEAe Ad §H FAAM AHE
Zeet Ad A= guttdelA QA v Ry E FE&TR AFste AHgs)
AL, e &9 HUdA AHAT FERHS AHEHLT, AHEFAY B
H 57L& Table 3.3% Zth.

Table 3.3 Physical properties of aggregates

.. | Water Unit Shell Chloride cont.
Item Gmax | Specific .
Kind (un) ) abs. FM weight | content (x107%%)
n o ravi -
BV (00 kg/m) | e | Naol | a
Coarse % 262 1.0 697 1520 - - -
aggregate.

Fine aggregate.
- 258 1.80 2.66 1540 - - N
(River sand)

Fine aggregate.

- 258 1.80 275 1537 7.0 26 2.0
(Sea sand)
Fine aggregate. 3.00
- 266 3.00 - - -
(Crushed sand) below
3.3.3 Esd=w

2 dFoME FH AAIA AidsEes dE29= dEHzAe 285
d EZAleh, Al AY fEIAE AL e, ZtZte] &3 . 335
€ Table 3.49 #t},

3

Jm

Table 3.4 Physical & Chemical properties of admixtures

Item| Specific . .
Kinds gravity Phase pH Main ingredient
Antiwashout 1.06+0.02 White 7+0.1 Hydroxy Ethyl
underwater agent powder Cellulose
Superplasticizer  |1.22%0.02 L‘gi‘i:fﬁ’w“ 11.5%1.5| Melamine
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g8

TR ARHE
Azt AR AE

3.3.4 Ags
2 d7oiE ARG BE &
ANA H5, S¢S AgadEd, FEE 44
W, dde padddn Iy A5 E
79 pHY 93ES 543 ZHE Table 3.59 2}
Table 3.5 pH and chloride contents of experimental water
Fresh water Sea water
pH 8.426 8.097
Chloride content (%) - 3.21 ~ 3.40
3.4 vig A
2 dFAM e A 7] A8 FAdGn dLAZAEAEAN o)
e $522U4 TAUEY S BF AT, oA =
she] BANE ol o] The T 2E A Y
s chen g,

LEGEI TR Rt

28 GTEG ANE-
oz WPUAS ANFHAT
© WEFE ()7 240kef/crd o HEADL 53

0.5

@ W/C A
fo = —353 + 295 C/Wol A
— 2%  _ 295
WIC = 3@%i, = Smrom
S 50% ( 65% ————— 0.K
® @A+FW) 23
EUEZEZ9E 50en, Goo 25mY o, BA5FE 220 kg/mPolth
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@ @A MEZ(C) 2R
C = 220+0.50 = 440 (kg/m®)

® =AZF 2%

FZZA7F FoAZolL, HAAF (Gra) 7F 25mE o F2ZA4 Hoj&
2 (Vg)& 364 ¢ /mo]t}.

2 A7NE DEAZ FRAE AT I (s/a) 40%2 o],
A9 Agx 2 Z FAY G Fe e o},

Vigrs = 1ooo~(220+3i4%+40)

= 599.9 (¢ /m®)

Vs =Vg+s Xs/a = 599.9x0.40 = 240 ( ¢ /m?)
S = 240x2.58 = 619 (kg/m®)
Vo= Vrs—Vs = 599.9—240 = 359.9 (¢ /m?)
G = 359.9%2.62 = 943 (kg/m®)

AAZNEZEE 240kef/ct, W/CE 50%. RHBAE 40%. cUZZ=2S
50=5em, B71% 4%°1%, BAFFS 220ke/mE LA 2, BEAZ 7
2AE AH4Y B8 J1E0E st MPHAS 9% 2% Table 3.6%
e AZAPNGES 22 & AT

Table 3.6 Standard mix proportion

fex W/C | Slump Air Gmax | S/a

flow content

(kgf/er) | (98) | (em) %) @ |®|w|cl| s | c |awa| sp

Unit weight (kg/m’)

240 50 | 50*5 |below 4.0| 25 40 | 220 | 440 | 619 | 943 | 264 | 880

® 71EA NGRS MY 7o APEA vhR s Pene
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E4E Wstd e FEAE HAF ZFHE Table 3.7% 2},

Table 3.7 Mix proportion of antiwashout underwater concrete

fow | Gmax|Slump| Air |[s/a |{W/C Unit weight (kg/m')

Symbol flow |[Value Admixture

(kgt/cw) | (um) | (em) | (%) [(%)| (%) | W | C |R.8|S.8C.8) G o Top
RS- 0| 240 | 25 | 505 |4°]at| 40 | 50 |220|440(619] O | - [943|2.64|8.8
RS- 20 240 | 25 [ 50%5 |4°]3}| 40 | 50 |220(440{495|124| - (943|2.64|8.8
RS- 40| 240 | 25 |50%5 | 40]3t | 40 | 50 |220|440|371|248| - [943|/2.6418.8
RS- 60| 240 | 25 | 505 | 40]3} | 40 | 50 |220|440(248{371| - |943|2.64|8.8
RS- 80| 240 | 25 | 505 | 40]3} | 40 | 50 |220|440(124|495| - [943]|2.64!8.8
RS-100| 240 | 25 | 50%5 | 4°]3}| 40 | 50 {220(440( O |619] - [943|2.64|8.8
RC- 0 240 25 [ 50£5 | 4°]3} | 40 | 50 {220{440(619| - | 0 |943|2.64|8.8
RC- 20| 240 25 | 50£5 | 4°]8 | 40 | 50 [220{440({495| - [128]943|2.64|8.8
RC- 40| 240 | 25 | 50%x5 | 4°]3t| 40 | 50 |220440|372| - |255(943|2.64 (8.8
RC- 60] 240 | 25 | 505 |4°lst| 40 | 50 |220]440(248| - |383|943|2.64 (8.8
RC- 80| 240 25 | 50%5 | 4°]38t | 40 | 50 {220(440|124] - {511{943|2.64 8.8
RC-100{ 240 | 25 | 50%5 49j8-| 40 | 50 1220440, G | - i1638{94312.648.8
SC- 0| 240 | 25 | 50=5(4°]st| 40 | 50 |220440; - |619; 0 1943/2.64 (8.8
SC- 20| 240 | 25 [50%5|4°]3t| 40 | 50 [220(440| - |495|128{943}2.64 | 8.8
SC- 40| 240 | 25 | 50%5|4°]& | 40 | 50 [220(440| - {372|255(943|2.64 | 8.8
SC- 60| 240 | 25 |50%=5 [4°]3}| 40 | 50 [220|440| - |248|383|943{2.64 (8.8
SC- 80} 240 25 [ 50%5 [ 4°]8}| 40 | 50 [220{440| - {124[511{943|2.64|8.8
SC-100| 240 | 25 | 505 | 4°]3F | 40 | 50 |220(|440| - | O |638|943|2.64 (8.8

Table 4.12 A2 Z2e, vittrel, B E AMEsta, ZEe e v}
R s, drpet uarged 2 FERHAE 0%, 20%, 40%. 60%,
80%, 100% 2 EYEL WA ZAY L FTELYY FAYES] ANa Y
SlAGAY S FAotstr] s d@egdel pHe dg9EAF S, 54 S 1)
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Table 4.1 Results of fresh concrete

. B71F 5A4E 437 f8 AddedongE ¥

Symbol pH Stzsl:lge/n;i)on Slur?c;;)ﬂow Air ?%r;tent
RS- 0 11.131 75.3 52.0 1.8
RS- 20 11.131 74.3 52.0 1.7
RS- 40 11.057 62.5 51.0 1.6
RS- 60 11.161 78.6 51.0 1.9
RS- 80 11.181 80.2 51.0 2.3
RS-100 11.067 80.3 49.3 2.5
RC- 0 11.131 75.3 52.0 1.8
RC- 20 11.086 73.0 51.0 1.3
RC- 40 11.042 68.5 51.3 2.8
RC- 60 10.995 57.2 49.8 2.8
RC- 80 10.981 47.2 50.0 2.6
RC-100 10.939 42.7 48.0 2.5
SC- 0 11.067 80.3 49.3 2.5
SC- 20 11.032 75.9 49.0 2.5
SC- 40 10.994 69.8 51.8 3.0
SC- 60 10.963 59.8 50.8 2.8
SC- 80 10.992 49.6 50.5 2.5
SC-100 10.939 42.7 48.0 2.5
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4.1.1 NzE2aXay

Fig. 4.13% Fig. 4.2& 72 nigzHE, Ry vy 2
Peny EYES WA 2AYLE FFEEYY E2HEY AgEAY
d& geotstr] fs dge pHe A9EAF S £33 Aol

Fig. 4.1 Fig. 4.2°14 Az FAIgle] d&de pHS dgEA
Fe BT FFTIYEFI M 7Y "EIAESL FFEEUY TIA
EATE, o N1EXQYA 12013}, 150me/ ¢ ©18H8 HFdte Ao eyt
Fig. 4.13% Fig. 4.2014 Z Ry Hid2HE ETFL 49 EFE 40%
HFste] pHeE d9E8AFo] Frtdte ZFE Holx Qi
Rery EYEol F/ME4E pHY AHERZL #Farde Aol Uy
e, oA BErde F480 &7 Wi doidez deFge] 7
sste] o M Zgol digd AgHol AR HEolztn AEET}

mlru

I‘I

3,

12 ¢ - e e e e
= RS
« RC
«+ SC
e ey il T
:Ié 11 e
|
|
|
|
10— e
0 20 40 60 80 100

Blend ratio (%)

Fig. 4.1 pH as to variation of blend ratio
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Slump flow (cm)
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Fig. 4.3 Slump flow as to variation of blend ratio

4.1.3 371

Fig. 4.4 7Z 2ol vict2gd &, Z2efo virt2efo] ztzt Rerey £4)
E2 BNz 2XRE FFEEEAY E3YUES] FUHFS ST dIoln.

Fig. 4.491A Z=a#lo] vitieej g, A= vioreo] 2tz Rl s
U Aol EUdE ¥zt @Al FVNFE WMiTHANNEY 4%°l5E
RE BESGa, ZRYd vgRHE EUY Aole EYE 40%94 7t
A A vebga, 2R e FErRAE EYE A5 Fe2Y &
AE 40%1A 7+ A Jetgo.
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Fig. 4.4 Air contents as to variation of blend ratio

4.2 33td sEE22ld 2329 §4

Table 4.2¢% Table 4.3& ZEAZ Z=e, vittze, LERAE AL
2, ZRfel waRNE, FRest vidRdel 4z &R E 0%, 20%,
40%, 60%, 80%. 100% 2 EJUES WA A S5 a5y 42 A% -
FAE AP T, AE 289 Az FFELY SIANES dAFHH ¢
5458 239 Aot
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Table 4.2 Results of hardened concrete ( 7days )

Unit weight

Compressive strength

Symbol (kg/m") (kgf/crt)
Fresh water Sea water Fresh water Sea water

RS- O 2267 2262 238 214
RS- 20 2286 2276 203 186
RS- 40 2289 2283 235 201
RS- 60 2297 2284 221 190
RS- 80 2303 2291 205 178
RS-100 2287 2273 208 188
RC- 0O 2267 2262 238 214
RC- 20 2271 2266 222 197
RC- 40 2275 2275 225 2086
RC- 60 2276 2281 196 170
RC- 80 2282 2283 211 195
RC-100 2324 2301 208 198
SC- 0 2287 2273 208 188
SC- 20 2291 2281 198 185
SC- 40 2294 2288 237 204
SC- 60 2302 2289 223 191
SC- 80 2308 2296 209 180
SC-100 2324 2301 208 198
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Table 4.3 Results of hardened concrete ( 28days )

Unit weight

Compressive strength

Symbol (kg/m) (kgf/cr)
Fresh water Sea water Fresh water Sea water

RS- 0 2273 2264 289 254
RS- 20 2274 2273 273 223
RS- 40 2292 2282 281 240
RS- 60 2281 2285 262 219
RS- 80 2283 2286 246 235
RS-100 2295 2274 234 217
RC- 0 2273 2264 289 254
RC- 20 2278 2285 278 219
RC- 40 2294 2289 285 248
RC- 60 2301 2289 283 220
RC- 80 2302 2303 259 225
RC-100 2327 2314 244 231
SC- 0 2295 2274 234 217
SC- 20 2302 2288 272 215
SC- 40 2303 2289 280 247
SC- 60 2308 2293 264 217
SC- 80 2308 2298 245 239
SC-100 2327 2314 244 231
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4.2.1 495"

Fig. 4.5 #EA2 Z2, vdze, Fe2HE AHestn, ZFxdd vt
s ZRefo vioRegd 44 Rerdy EJES BIHANA Frd e
ol M ztzh AF - FAT AY 74 FFEEIUN TAYES IAFTHE 3
A3 Ao, Fig 4.6& AP 2849 FFELHUY TIAHUES BAFH
& &3 Aol

Fig. 4.5, Fig. 4.6°14 Az - Bz % AR dAQle] F<=y &
dEo] S7MEFE G FFel A detwed, AL FerHe HFo
Ay vrd 2o AeEc duHez Ay qEoR AlRHY AR
o ¥ERHPE EUAF A rode AAAR EYE] HAE Friste %S
etz sl A £F "t AREY dAFFEe AV Ferd,
vt e, ZARgel oz velyt. d2ln AAFHoE BEEIAYES &

%9 2350kg/cr BTt ZPEA dElgted, ol g glel #FA A
ety 7) B o s Alsdct.

o

2350 e —=
/,/l
. 2300 . /?{///3'72; e 8
E o e — o s = ‘,,;//j// & r;_fé(;//e‘/
E S —— |
~ 2250
=
.20 |
o | —=— RSF
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) |
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2100 [ e e . .
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Blend ratio of crushed sand (%)

Fig. 4.5 Unit weight as to variation of blend ratio (7 days)
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Fig. 4.6 Unit weight as to variation of blend ratio (28 days)

4.2.2 52U

Fig. 4.7 A2 22y, sz, Fe2dH & Agstan, Fxge] 8
R E, ZRH vtRddd 72t SR EYES HEAA 5o @
Foll Azt A FAG AF 799 FEERHY TIYEY 4F5UEE
23§ Aol Fig 4.8 AH 28U AZA=E FF 3 ZIolnt

Fig. 4.7, Fig. 4.8914 Z=Ae] FHol wtet 4HEd A . Fy 2
# AP BAglel ¢FA=Y AVE AR, ¥Ry, ddRy £o=2
ettt EAE ZRHE ALY AS(FERY EYE 0%)E AYstn
T A3 Fid BAQRCl FeRY EYE 40%°04 M & dEA=
vebgth, o ZRd widr s, 2Ry bRl RERHdE &
d@ctd HH bRy, PRy EFES 40%2 & 7+ AAC
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Fig. 4.7 Compressive strength as to variation of blend ratio (7 days)
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Fig. 4.8 Compressive strength as to variation of blend ratio (28days)
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Fig. 4.9 22 FcRZAE U A8 TAH2E pHo oig v &
Ueld Azoln], Fig. 4.108 #HEAF g ¥, Fig. 4.11L €4=
Z2 9o A ¥, Fig. 4.12& F71%] & ¥, Fig. 4.13& AH 749
g FFe] i ¥, Fig. 4.14 A% 28¢¥9 95 dd ¥, Fig.
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BRE U A7t v R R2ERYE EYSF ARG o 2ZA de
ot
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Fig. 4.13% Fig. 4.14°1A @33 A - FAxd @Al AA
oz uttre RErgE YT A7 AR v g E4E A
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Fig. 4.9 Ratio of pH values as to RC
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Fig. 4.14 Ratio unit weight values ratio as to RC (28days)
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Fig. 4.15 Raito of compressive strength values as to RC (7days)
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Fig. 4.16 Raito of compressive strength values as to RC (28days)
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Table 4.4 Results of strength ratio

Strength ratio (%)

Symbol
7days 28day

RS- 0 90 88
RS- 20 92 82
RS- 40 86 85
RS- 60 86 84
RS- 80 87 96
RS-100 90 93
RC- 0 90 88
RC- 20 89 79
RC- 40 92 87
RC- 60 87 78
RC- 80 92 87
RC-100 95 95
SC- 0 90 93
SC- 20 93 79
SC- 40 86 88
SC- 60 86 82
SC- 80 86 98
SC-100 95 95
Average 90 87
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